






First Semester Examination 









Duration : 3 hours 





Please check that this examination paper consists of SEVEN (7) pages of 
printed material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH (7) muka 
surat yang bercetak sebelum anda memulakan peperiksaan ini]. 
 
 
Instructions :   Answer THREE (3) questions.  
 
 
[Arahan : Jawab TIGA (3) soalan.]  
 
 
In the event of any discrepancies, the English version shall be used. 
 
 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi 
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− =  (1) 
 
with the boundary conditions C = 0.0 kg m-3 when x = −∞ and x = +∞. Suppose a factory 
discharges a chemical into the river at x = 0 km at the rate W kg s-1 and mixed uniformly. 
Therefore, at this discharge point, x = 0 km, the chemical concentration will be a 
maximum ( 0C ).   
 
(a) Assume that the dispersion coefficient E m2 s-1 and the chemical decay rate k  s-1 







,    0














=  and 2
km
E
= − . 
 
(b) Show that 0 2
WC
A kE
=  where A is the river’s cross-sectional area. 
 
(c) Suppose W = 0.6 kg s-1, E = 20 m2 s-1, k = 2 × 10-5 s-1 and A = 60 m2. Find the 
chemical concentration C(x) in the river at x = −5 km, −2.5 km, 2.5 km and 5 km.  
 
(d) Sketch the graph of C(x) for x ∈ (−∞, ∞). 
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− =  (1) 
 
dengan syarat-syarat sempadan C = 0 kg m-3 apabila x = −∞ and x = +∞. Andaikan satu 
kilang melepaskan suatu bahan kimia ke dalam sungai pada x = 0 km pada kadar W kg s-1 
dan dicampur seragam. Maka, pada titik pelepasan ini, x = 0 km, kepekatan bahan kimia 
tersebut akan menjadi maksimum ( 0C ).  
 
(a) Andaikan bahawa pekali sebaran E m2 s-1 dan kadar pereputan bahan kimia k s-1 







,    0














=  dan 2
km
E
= − . 
 
(b) Tunjukkan bahawa 0 2
WC
A kE
=  di mana A ialah luas keratan rentas sungai.   
 
(c) Andaikan W = 0.6 kg s-1, E = 20 m2 s-1, k = 2 × 10-5 s-1 dan A = 60 m2. Cari 
kepekatan bahan kimia C(x) dalam sungai pada x = −5 km, −2.5 km,  
2.5 km dan 5 km.  
 
(d) Lakarkan graf  C(x) untuk x ∈ (−∞, ∞). 
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A municipal wastewater (also called sewage) is conveyed through a series of treatment 
ponds as illustrated in Figure 1 to remove solids as part of a primary treatment before 








Figure 1:  Sewage primary treatment process. 
 
Each treatment pond has a length of 100 m, a width of 50 m and a depth of 2 m. The 
sewage flows through the series of pond at the constant velocity of 0.1 m s-1. The solids 
settle in the ponds with a constant settling velocity of 10-3 m s-1. The sewage flowing into 
Pond 1 has a solid concentration of 100 kg m-3.   
 
(a) Formulate the mass balance equations for this system. All symbols used must be 
defined with proper dimensions and units. 
 
(b) Find the solids concentration in Ponds 1, 2, 3 after steady state is achieved. Discuss 
the treatment level achieved after the sewage flowed through the series of ponds 
(Primary Treatment). 
  
(c) The sewage treatment plant aims to have the sewage concentration be decreased to 
a steady-state concentration of 10 kg m-3 or lower by primary treatment.  
 
(i) One of the engineering options to achieve this level of treatment is by 
increasing the number of ponds for primary treatment. For this purpose, how 
many additional pond(s) are needed? Assume that these additional ponds have 
the same properties as the existing ponds.  
 
(ii) If there are no provisions of space for additional ponds, the treatment plant can 
consider increasing the pond’s depth by dredging to achieve that level of 
treatment. For this purpose, how deep should the ponds be, assuming that the 
flow between ponds is maintained at the existing level? 
 
(iii) If the treatment plant would like to keep the treatment ponds in existing 
condition, they can consider reducing the flow through the series of ponds to 
achieve the aimed treatment level. For this purpose, what should the flow be?  
 
(iv) Discuss other options, if any, that can be used to achieve the aimed treatment 
level.    
 








Pond 1 Pond 2 Pond 3 
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Air sisa (juga dipanggil kumbahan) perbandaran disampaikan melalui satu siri kolam 
rawatan seperti yang ditunjukkan dalam Rajah 1 untuk mengeluarkan pepejal sebagai 








Rajah 1:  Proses rawatan primer kumbahan.  
 
Setiap kolam rawatan mempunyai panjang 100 m, lebar 50 m dan kedalaman 2 m. 
Kumbahan mengalir melalui siri kolam tersebut pada halaju malar 0.1 m s-1. Pepejal 
termendap di kolam dengan halaju pemendapan malar 10-3 m s-1. Kumbahan yang 
mengalir ke dalam Kolam 1 mempunyai kepekatan pepejal 100 kg m-3. 
 
(a) Rangkakan persamaan keseimbangan jisim bagi sistem ini. Semua simbol yang 
digunakan mesti ditakrifkan dengan dimensi dan unit yang betul. 
 
(b) Cari kepekatan pepejal dalam Kolam 1, 2, 3 selepas keadaan mantap tercapai. 
Bincangkan tahap rawatan yang dicapai selepas kumbahan mengalir melalui siri 
kolam (Rawatan Primer). 
 
(c) Loji rawatan kumbahan tersebut bertujuan untuk menurunkan kepekatan 
kumbahan ke kepekatan keadaan mantap 10 kg m-3 atau lebih rendah melalui 
rawatan primer. 
 
(i) Salah satu pilihan kejuruteraan untuk mencapai tahap ini rawatan adalah 
dengan menambah bilangan kolam untuk rawatan primer. Bagi tujuan ini, 
berapakah bilangan kolam tambahan yang diperlukan? Andaikan bahawa 
kolam tambahan ini mempunyai ciri-ciri yang sama dengan kolam sedia ada. 
 
(ii) Jika tiada peruntukan ruang untuk kolam tambahan, loji rawatan boleh 
mempertimbangkan untuk meningkatkan kedalaman kolam dengan 
pengorekan untuk mencapai tahap rawatan. Bagi tujuan ini, berapakah 
kedalaman kolam yang diperlukan, dengan anggapan bahawa aliran antara 
kolam dikekalkan pada tahap yang sedia ada? 
 
(iii) Jika loji rawatan ingin mengekalkan kolam rawatan dalam keadaan sedia ada, 
mereka boleh mempertimbangkan mengurangkan aliran yang melalui siri 
kolam tersebut untuk mencapai tahap rawatan yang dikehendaki. Bagi 
mencapai tujuan ini, apakah aliran yang sepatutnya? 
 
(iv) Bincangkan pilihan lain, jika ada, yang boleh digunakan untuk mencapai 
tahap rawatan yang dikehendaki. 








Kolam 1 Kolam 2 Kolam 3 
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Consider a three-segment water system shown in Figure 2. 

















Figure 2: Three-segment water system. 
 
 
(a) For a single non-conservative substance: 
 
(i) Write the overall mass balance at segment i. 
 
(ii) Assuming that steady-state has been achieved for a system with n number of 
segments, demonstrate how a complete set of linear algebraic equations in the 
form of a matrix system is obtained.  
  
(b) For Biochemical Oxygen Demand (BOD) and Dissolved Oxygen (DO): 
 
(i) Write the overall mass balance at segment i. 
 
(ii) Assuming that steady-state has been achieved for a system with n number of 
segments, demonstrate how the complete set of linear algebraic equations for 
both BOD and DO in the form of a matrix system is obtained.  
        





















Qi-1, i m3 s-1 
  
Qi, i+1 m3 s-1 
  
Advective flow, Q : 
1, −i iE  m
3 s-1 
  
, 1+i iE  m
3 s-1 
  
Dispersion, E  : 
Loading/Source  
of pollutant s into segment i 
Wi  kg s-1 
Segment i 
Volume Vi  m3 
Decay ki  s-1 
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Pertimbangkan sistem air tiga segmen seperti yang ditunjukkan dalam Rajah 2. 
 
















Rajah 2: Sistem air tiga-segmen. 
 
(a) Bagi bahan bukan konservatif tunggal: 
 
(i) Tulis keseimbangan jisim keseluruhan bagi segmen i. 
 
(ii) Dengan mengandaikan bahawa keadaan mantap telah dicapai bagi suatu 
system dengan n segmen, tunjukkan bagaimana satu set lengkap persamaan 
algebra linear dalam bentuk sistem matriks diperolehi. 
 
(b) Bagi Permintaan Oksigen Biokimia (BOD) dan Oksigen Terlarut (DO): 
  
(i) Tulis keseimbangan jisim keseluruhan bagi segmen i. 
 
(ii) Dengan mengandaikan bahawa keadaan mantap telah dicapai bagi suatu 
sistem dengan n segmen, tunjukkan bagaimana set lengkap persamaan 
algebra linear untuk kedua-dua BOD dan DO dalam bentuk sistem matriks 
diperolehi. 
        





















Qi-1, i m3 s-1 
  
Qi, i+1 m3 s-1 
  
Aliran advektif, Q : 
1, i iE −  m
3 s-1  , 1+i iE  m
3 s-1 
  
Sebaran, E  : 
Beban/Sumber dari bahan 
pencemar s ke dalam segmen i 
Wi  kg s-1 
Segmen i 
Isipadu Vi  m3 
Reputan ki  s-1 
